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PREFACE

The work reported herein was conducted by the Arnold Engineering Development
Center (AEDC), Air Force Systems Command (AFSC), at the request of the Air Force
Armament Laboratory for the Government Electronics Division of Motorola, Incorporated,
under Program Element 64602F, Project No. 4432-03, The project monitor was Mr. T.
Britton, AFATL/DLIJF. The results were obtained by ARO, Inc. (a subsidiary of Sverdrup &
Parcel and Associates, Inc.), contract operator of AEDC, AFSC, Arnold Air Force Station,
Tennessee. The work was done under ARO Project No. P41T-76A. Data reduction was
completed on December 13, 1974, and the manuscript (ARO Control No.
ARO-PWT-TR-75-9) was submitted for publication on January 29, 1975.
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1.0 INTRODUCTION

The objective of the test was to evaluate the differential pressure produced by the
venturi which was an integral part of the FMU-110B fuze. Pressure data were obtained
from. the internal flow through the venturi and on the external surface of the
FMU-110B-modified SUU-30 flight configuration at Mach numbers from 0.2 to 1.4. Model
angles of attack were varied from -10 to 10 deg, and roll angles were varied from 0 to
180 deg.

2.0 APPARATUS
2.1 TEST FACILITY

Tunnel 16T is a closed-circuit, continuous flow tunnel that can be operated at Mach
numbers from 0.20 to 1.60. The test section is 16 by 16 ft in cross section and is 40
ft long. The tunnel can be operated within a stagnation pressure range from 120 to 4000
psfa, depending on the Mach number. Perforated test section walls allow continuous
operation through the Mach number range with a minimum of wall interference. Additional
information on the tunnel, its capabilities, and supporting equipment may be found in
the Test Facilities Handbook.!

2.2 MODEL SUPPORT SYSTEM

The model was sting mounted in the test section on the standard sting support system
which is capable of pitching from -11 to 11 deg and rolling through *+180 deg. The pitch
center of the model support system was such that the model remained essentially on
the tunnel centerline throughout its pitch range. The location of the model in the test
section is shown in Fig. 1.

23 TEST ARTICLE

The test article was a full-scale, flight hardware FMU-110B fuze which was mounted
on the radome protruding from the nose of an SUU-30 bomb dispenser which was modified
to two body diameters in length. A photograph of the model in the test section is shown
in Fig. 2, and a dimensional sketch of the model is presented in Fig. 3.

The hardware contained two pressure orifices near the throat of the fuze venturi
which connected to a pressure switch in the flight vehicle as shown in Fig. 3b. These
orifices were utilized along with an additional pressure orifice into the interior of the

1Test Facilities Handbook (Tenth Edition). "Propulsion Wind Tunnel Facility, Vol. 4." Amold
Engineering Development Center, May 1974.
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venturi and several orifices on the exterior of the wedge-shaped structure containing the
fuze venturi. The geometry of these orifices is shown in Fig. 4 along with a tabulation
listing the external pressure orifices on the radome face. These external pressures consisted
of orifices located in four rows placed at radial orientations of 0, 90, 180, and -90 deg.
The four rows of pressure orifices on the radome were extended along the SUU-30 neck
and body for a total model length distance of 0.478 in. as shown in Fig. 5. Seam
construction of the SUU-30 dispenser made it necessary to offset two rows of orifices
on the bomb body by 5 deg to the -85- and 95-deg radial.

24 INSTRUMENTATION

Steady-state pressures were measured utilizing the facility's pressure system which
connected each pressure to an individual transducer. All pressures were monitored by a
real-time static pressure indicator (profile monitor).

Model gravimetric angle of attack was measured by means of a model-mounted,
absolute angle-of-attack sensor. All instrumentation were scanned into an on-line computer
system which reduced the raw data to engineering units, computed pertinent parameters,
and tabulated and plotted data on a Cathode-Ray Tube (CRT).

3.0 PROCEDURES
3.1 TEST PROCEDURE

After the tunnel's free-stream conditions were established, data were obtained at
various model pitch and roll angles. In order to account for pressure lag, 20 seconds were
allowed between moving the model and acquisition of the test data.

3.2 PRECISION OF MEASUREMENTS

Uncertainties (bands which include 95 percent of the calibration data) of the basic
tunnel parameters, freestream total pressure (Pt“), total temperature (Tt_,), and free-stream
Mach number (M_) were estimated from repeat calibrations of the-instrumentation and
from the repeatability and uniformity of the test section flow during tunnel calibrations.
These estimates were then used to determine uncertainties of other free-stream properties,
free-stream static pressure (P.), and free-stream dynamic pressure (q.) using the Taylor
series method of error propagation:

M AM AP, psf AP_psf Aq_,psf ACP

0.20 +0.0030 +1.5999 +2.02151 +£0.0095 +0.0496
040 10.0012 +1.6000 £1.7112 $+0.8753 +£0.0127
0.60 +£0.0016 £1.6500 +2.47697 +1.6359 +0.0096
0.95 +0.0048 +£1.5324 +4.71097 +2.5847 +£0.0112
1.40 +0.0120 £1.5013 +£7.99341 +0.6694 +0.0125
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Calculation of the model angles of attack and sideslip are considered precise within +0.1
deg.

4.0 RESULTS AND DISCUSSION

The primary purpose of this test was to evaluate the aerodynamic performance of
the venturi which was an integral part of the FMU-110B fuze mounted on the nose of
an SUU-30 bomb dispenser. A secondary objective of this test was to map the external
flow environment of the fuze-radome-bomb configuration. Figures 4 and 5 contain
tabulations which correlate pressure orifice numbers to their respective locations. A
representative segment of the data is presented herein.

4.1 FUZE PERFORMANCE

The pressure differential in inches of water was measured at the two venturi orifices
shown in Fig. 3, and its variation with angle of attack and sideslip angle are presented
in Figs. 6 through 9. The pressure differential varied a maximum of 4 in. of water for
angles of attack of -6 to 6 deg as shown in Fig. 6. At low subsonic Mach numbers (M_
< 0.40) the pressure differential remained essentially constant for -10 < angle of attack
< 10 deg except for a distinct peak value at -8-deg angle of attack. For Mach numbers
of 0.95 to 1.40 (venturi choking conditions), the venturi differential pressure showed some
sinall variations at all angles of attack. The influence of sideslip angle on the differential
pressure is shown in Fig. 7. The variation in venturi differential pressure was less than
2 in. of water for sideslip angles from -5 to 5 deg. After choking occurred, the pressure
differential was invariable for all of the selected beta angles. A small increment in
differential pressure was due to pressure altitude changes as is evident in Figs. 8 and 9 for
alpha and beta sweeps, respectively.

42 EXTERNAL PRESSURE PROFILES
4.2.1 Effects of Angle of Attack

The pressure profiles on the radome face utilized the orifices shown in Fig. 4. The
variation in angle of attack ‘had little influence on the radome-face pressure profiles
throughout the Mach number range as shown in Fig. 10.

The external pressure profiles on the radome-bomb dispenser for the top (100) and
bottom (300) rows are shown in Figs. 11 through 13, respectively. The data in Fig. 11
show the effect of -10-deg angle of attack on the pressure along the top and bottom
rows for Mach numbers of 0.20 through 1.40. A typical trend shown was the increase
in static pressure along the radome and bomb neck. Flow acceleration around the blunt
SUU-30 nose caused the static pressure to decrease along the bomb until the flow along
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the bomb stabilized. At supersonic speeds, flow disturbances in the bomb neck region
resulted in breaks in the pressure pattern for the pressure orifices on the top row with
a uniform subsonic profile being maintained.

Figure 12 shows the symmetrical similarity of the pressure profiles along the top
and bottom rows on this near symmetrical model at zero angle of attack. Flow separation
over the aft end of the radome created a high-pressure area on the forward portion of
the bomb. Again, flow acceleration around the blunt nose of the bomb created lower
static pressures.

The external flow characteristics of the radome-bomb body at 10-deg angle of attack
are presented in Fig. 13. A reverse in the pressure profiles from those in Fig. 11 is shown
in Fig. 13 with the bottom row having the higher static pressures.

Figures 14 through 16 present typical external pressure distribution patterns on the
radome, bomb sides along the number 200 and 400 pressure rows (radome, bomb neck
8 = 90, 90 deg, bomb side 9 = -85, 95 deg) with the model pitched to -10, ¢, and 10
deg, respectively. The trend of the pressure variations along the sides of the radome-bomb
neck and the blunt bomb nose was similar to that along the top and bottom rows at
a=0.

422 Effects of Sideslip Angle

Negligible influence from various sideslip angles on the pressure profiles on the radome
face for representative Mach numbers is shown in Fig. 17. Data in Figs. 18 through 23
present the static pressure variations along the radome side-bomb body configuration while
varying beta angle at Mach numbers 0.20 through 1.40. Figures 18 through 20 show data
for the top and bottom rows during pure beta sweeps, rows 200 and 400 are located
at 8 = -90 and 90 deg on the radome and bomb neck, with 8 = -85 and 95 deg locations
on the bomb body. The trend noted in the pure alpha sweeps is again present for these
beta angles. Good symmetrical similarity is shown at beta angles of -10, -0.5, and 9.5
deg for the two side rows in Figs. 21 through 23.

5.0 CONCLUDING REMARKS

Pressure data taken on the internal venturi flow and the external surface pressure
pattern on the radome-bomb body produced the following results:

1. The pressure differential across the venturi, which was an integral part of
the fuze, showed little change at angles of attack from -6 to 6 deg and
sideslip angles from -5 to 5 deg.
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Static pressure profiles measured on the top and bottom of the symmetrical
radome-SUU-30 bomb configuration for both alpha and beta sweeps showed
an increased value along the radome-bomb neck. Flow acceleration around
the semi-blunted bomb nose produced a decreasing static pressure until
stabilization of the flow along the bomb occurred.
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Figure 13. Pressure profiles along the radome-bomb body at a = 10 deg.
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Figure 14. Variation of pressure coefficient along the two side rows of
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Figure 15. Variation of pressure coefficient along the two side rows of the
radome-bomb body at zero angle of attack.
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Figure 16. Variation of pressure coefficient along the two side rows of
the radome-bomb body at 10-deg angle of attack.
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Figure 18. Pressure profiles along the top and bottom rows of the
radome-bomb body at -10-deg beta angle.
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Figure 18. Concluded.
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Figure 19. Pressure profiles along the top and bottom rows of the
radome-bomb body at -0.5-deg beta angle.
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Figure 20. Pressure profiles along the top and bottom rows of the
radome-bomb body at 9.5-deg beta angle.
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55



AEDC-TR-75-32

o 200 ROW

o 40O ROW
1.5
M, 20,80
1.0
0.5
Cp
0
A
-0.5 /
-1.0 s
-105
1.5
Me=0.95
1.0
0.5

Cpo

-0.5 \ »

5
0 0.050.100.150.200.25 0.300.35 0.40 0.4S5 0.50
X/L

Figure 20. Continued.

56



1.5

1.0

1.0

AEDC-TR-75-32

» 200 ROW

» 400 ROW
_-Q e =1.20

=

m
4\ ~
\\o N

M, =140

AN
~a. %

X/L

Figure 20. Concluded.

57

0 0.050.100.150.200.250.300.350.40 0.45 0.50



AEDC-TR-75-32

16 in.
| 1
o]
X/L=0 0.478 1.000
100 ROW
o 300 ROW
1.5
I
1.0 Mo =0.20 —
0.5 :

o B

17

S
0 0.050.100.150.200.250.30 0.35 0.40 0.45 0.50
. X/L

Figure 21. Variation of pressure coefficient along the two side rows
of the radome-bomb body at -10-deg beta angle.
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Figure 22. Variation of pressure coefficient along the two side rows
of the radome-bomb body at -0.5-deg beta angle.
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Figure 23. Variation of pressure coefficient along the two side rows
of the radome-bomb body at 9.5-deg beta angle.
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Re x 10-6
x/L

zx 103

NOMENCLATURE
Pressure coefficient, (P; - P_)/q_
Venturi delta pressure PH20(3) - PH20(4), in. of water
Freestream Mach number
Local static pressure, psfa
Free-stream static pressure, psfa
Free-stream total pressure, psfa
Free-stream dynamic pressure, psf
Radial distance of pressure orifice from model centerline, in..
Unit Reynolds number, per foot
Ratio of horizontal distance to pressure orifice divided by model length
Pressure altitude, ft
Angle of attack (alpha), deg
Sideslip angle (beta), deg

Radial angle for location of pressure rows (counterclockwise from zero),
deg

Model roll angle, deg
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